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(54) Abstract Trtle 

APPARATUS FOR DISPENSING A METERED AMOUNT OF MEDICATION 

(57) A pocket-sized apparatus for dispensing a metered amount of aerosolised medication comprises a 
casing (27) defining a cavity, a discharge opening through which the user receives the medication, a valve (59) 
for the discharge opening which opens under the force provided by inhalation, an air opening (31) through 
which air enters the cavity and a medication opening. The casing also defines an open pocket for receiving a 
pressurised canister and there is a passageway to deliver medication from the canister via the medication 
opening to the cavity. The apparatus also includes means to Indicate to the user when to activate the 
medication at a predetermined inspiratory flow. The apparatus preferably includes an electronic pressure 
transducer (22) to measure the back pressure of the breath moving through the casing and a cap (58) 
comprising openings (60) to limit air flow into the casing. 
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A «,et:ered do«, inhaler a n:ucll pocket-slzefi devi 

cin- J""?''^' components: a, a pres...l.er 

canister filled with a prcpellant (.erosol) .nd ..dicat^n . 

thlt h - -^^^ -ch di.ec3es, and (2) a casirg 

tnat houses the canister and facilitates .the deliv«4 
^.eaxcation intc a subject's lungs. The' subject dispenses -he 

na p.acszn, the top of tha oanlstar wnlle inMling. 
or In * ""''i^'^t may a=a tha matarad dosa Inhalar saparataly 

designed to extend th. discharge tube of an inhaler and al^ow 
botto»^!°^'°'" ^' ""'■'^^'•^ -dlcatton to settle to ;halr 

spirometers are devices that maasura the breathing 
volume and the breathing rat. o, hu«n subjects. Th.v are L 
!° 1"°"-'"' ^^'^"--^-^ ar.d .cnltoring pui;onary 

t"er^^=;„.^"' P->="-sl.,d d.vi=„. aaaitlon, 

they include a multiplicity of close tolerance component, that 
maxe the» susceptible to malfunctions and e=<pansive to p-oduca 

other devlcas «,.t allow subjects to monitor their 
.umonary function include n,a=h«ni=al p«i. £lov, „ato-= . ~— . 

zZaT'T- i-"'-^--"- They do not effect;;;:..' 

detect clinically significant function changes in asthmati-s 



^^aw (PET) and not cha farced ex?iracc2ry vcluiaa ^j,^ ssccn- 
^--SVl, i.e. . t>ie voluinfl of ^ir exhaled during t:ha first sacond 
a widfsly accepted measure at puimcnary function) , 

Metered dcs^s inhalers are tho prir:ary ae^una or dnzg 
delivery in those patiants with braatiiing ciscrdars; and tlia 
prior art includes a wide variety of such iniialers, rlowevar, 
the prior art does net: include innalsrs w'ith any ^leans f s .c. , 
spircuietsrs) for ncnitcring pulTnonary function and ^neasu-ir.c tlii 
optinru::! ccnditicr.s for delivering the rrtadication , 

Ths casing and spircuieter of -he present inven-icr. 
prc-ic^s i cciistructiicn 'nat: rr.easuras the pulncnari/ funcricr. of 
Che subject ^nd dispenses the aerosolized =:cdicat:icn to a 
subject based on the cptinu:?. conditions for ad^iinistaring -he 
r.edicacion. This construccicn elir^initas the need fcr a subjec- 
to purchiise, carry, and icncvledceably utilize separata siatered 
doss inhalers, peak flov neters:, and cpacs- davices . Zt 
naasures the ?EF and FZVl cf Tihe subject precisely and reliably, 
vhila facilitating usa cf che proper technig-^a-^ for 
e.dr;;inistering tiis r.edicat:icn , 



According to the present invention an apparatus for dispensing 
a merered amount of aerosolized niedication for a human 
subject, said apparatus coraprising: a casing defining a 
caviry, a discharge opening through which the subject receives 
the medication, a valve means for the discharge opening, said 
valve means opening under force provided by the subject's 
inhaling, an air opening through which air enters the cavity, 
and a medicarion opening through which the aerosolized 
medication encers the cavity, the casing further defining an 
open pocket for receiving a pressurized canister and 
passageway means including zhe medication opening for allowing 
medica-ion from rhe canister to discharge directly inco zhe 
cavity; and means for indicacing when "CO activate medicacion 
at a predecermmed inspiratory flow during an inspiratory 
procedure; said apparatus being sized to fit into a pal" of a 
user's hand. 



In accordance with one eiubcdiTnanti of the present 
invention, an appararus for dispensing a laetered amount of 
aerosolized niadication and/cr for aeacurir.g pulaoncjry Tunction 
includes a casing that defines an op«n cavity through which a 
subject breathes. The casing also defines a first, discharge 
opening rhrough which the medication discharges and the subjact 
inhales or exhales; a c^icond, air opening through which 2iir 
er.-cers and exits the cavity; and a third opening in fluid 
ccrjr;Unication with the cavity between the first and second 
openings. The casing further defines an cpen pocket for 
receiving a pressurisod canister containing izedication and a 
fourth, nedication opening through which the ccntsnts of the 
canister discharge into the cavity. A pressure transducer in 
fluia corpjnunication with the third opening senses the pressure 
of breath r:cving through the cavity. 
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The pressure transducer measures tha back pr«ssu>-c o- 
he breath which moves through the cavity between the first and 
seoond openings. In the embodiment described above, a 
difference in tha crocc-sactional a=-ea betwaan the first and 
second openings produces the back pressure. (The firat opening 
has a greater cross-sectioral area than the second openi-g ) » 
modification of this embodiment may include first and second 
openings with th* same croaa-scctional area but wirh screens, 
grids, or filter paper ever the second opening to craat* thJ 
back pressxire. Another modification aay include a fan discosed 
in the cavi-y and a photocell assembly. This modification*" 
senses the flow of gas through the cavity. rat another 
modification comprises a valve meniber for closing the first 
opening to allow droplets in the nedicaticn to settle in* the 
cavity before the subjact inhales the otharwisa aerosolizad 
medication. This valve mes^ber opens under the force of the 
inhaled breath of the subject to allow the aerosolized 
medication to flow into the subject. 



For a more complete understanding of this Invention, 
one should now refer to the embodiment illustrated in greater 
detail in tne accompanying drawings and described below by way 
of an exaaipl* of the invention. in the drawings: 

FIG. 1 is a perspective view of an embodiment of the 
casing and spirometer apparatus of the present invention; 

FIG. 2 is a sectional view taken along a longitudinal 
axis of the mouthpiece portion of the casing; 

FIG. 3 is a sectional view taken along line 3-3 in 

FIG. 2; 

FIG. 4 is an exploded perspective view of the casing 
and spircacter apparatus; 

FIG. 5 is a schamat-ic of the sansing, display cr.d 
control compone.nts of the casing and spirometer apparatus; 

FIG- 6 is the sectional view of FIG, 2, showi.ng a 
first modification or the embodiment of FIGS. 1-5; 

FIG. 7 is the sectional viov cf TZG . 2, showing a 
second modification of the e-Tibodi-ent of FIGS. 1-5; 



\ki ^ ^ ""^^ sectional view of FIG. 2, showing a 

third aoaarieation ot tUe emboairaenc of FIGS. 1-5,- 

FIG. 9 is a front elav;,tion viaw of tho mouthpiece 
portion of the casing shewn in fig. 8; and 

PIG. 10 is a back elevation view of the =;outhpUce 
portion of the casing shown in *'IG. 8. 

While the following disclosure describes the inventio 
xn connection with one a:r±.odi»ent and a number of modifications 

n°:t 1:1:1°''^^"'' ^'^"'^ ^^^^ i-enlion L 

not ii.i^.^ tni. e.bcc.i.ant ana raodif lotions . Furt^enn«^e 
one Should understand that the drawing. ... ,c.le 
that graphic s^ols, diagranunatic representatives, a.d 
fragmentary views, in part, .ay illustrate che e:nhodi.ent a^d 
.od.fic.tion=. xn certain instances, the disclosure ^ 
.nclude details which are not neco«.ry .or an under.t.;.L; or 
the present invention such as conventional detaUs o^ 
fabrication and assembly. 

Turning now to the drawings, f^gs 1 t^,-^„«>, = v 
i»v.„«=„ .0. The .ppar=..u. g«ner.lly Includes a poc^ll 
=r her hand; ein electronic pressure transducer 22 (see fig 2, 

z:i:zt:t '""^ °' "^-"^ — 

connected together electrically, ^-itc^ies 20 

The casing 21 includes a tube segment 27 and a 
canl3ter .eg^ant 28 fixedly secured sonically waided) 

together to for=, the casing. TKo two ocgnents are .ade cut or 

tHr"^"^ """"^ ^-^^ ^^^^^ - 

e^I i ° "^'^^ ^ ^^"^ <='P-"i''^5 ^i-Posed at one 

end of the cavity 29 and a second opening 31 disoosed at an 
opposite end of the cavity. The first opening ^"o i. . dicLh^^cc 
opening through which a subject receives the aerosolized 
dedication provided by the apparatus. The second ocenirc 3-s 



an air opening through which aiabiant air enters the cavity 29 
/hen the subject Inhales through the cavity and through which 
air discharges from the cavity whan the subject exhales into the 
cavity 29. 

The diaraater of tho bore 20 decrcaa^ts at a constant 
rate between the opening 3 0 and a point 3 2 (See FIG- 2) to 
minisiize air resonance artifacts. From the point 3 2 to the 
opening 31, the bore nas a constant diameter to facilitate 
laminar flew. At tho opening 31, the tube segmsnt 27 includes a 
flange portion 3 3 that reduces the diameter of the hore to tho 
diameter of the opening 31, This constriction in the flow rath 
of br eatn moving tiirough the casing 21 provides the back 
pressure that the prasraura trancducer 2 2 senses* 

Tlie tube seg-aent 27 also defines a bore 34 through 
which the pressure transducer 2 2 senses the back pressure in the 
bore 29. Tnis bore 34 is part of a third opening 3 5 that also 
includes a passagaway 3 6 (Sec fig. 3) disposed between ^ha tube 
seg^nent 27 and the canister segtnent 28 and a bore 37 definod by 
the canister segment 23. The voluine of this opening 35 is 
sufficiently small to maximize the pressure sensitivity of the 
transducer 22. 

The canister segment 28 includes a protuheranco 3 8 
that defines a fourth or medication opening 3 9 for the casing 
2X. This opening 39 includes a conical outlet portion 40 
through which aaroscli2e<± modication sprays out into tiiG bore or 
cavity 29 and an enlarged inlet portion 41 that recQivac a 
nozzle N of a pressurized, medication canister c. The 
protuberance 3 8 extends into the bore 2 9 through a suitably 
sized opening 42. Th« distal end of the protuberance 38 extends 
to a point proximate the middle of the bore 29. 

The canister segment 2S also defines a pocket 43 that 
receives the c^inisiter C and a pocket 44 that receives the 
transducar 22, a power source ? Tcjr the coiuputer controls 23 and 
a resilient 0-ring 45. (The 0-ring 45 lies around the bore 37 
between a wall portion circumjacent the bore 3 7 and the 
transducer 22 to prevent escape of the fluid flowing through the 
bore 37 end onto the rransducsr 2'^,) The pocket 43 is a rcund, 
elongate bore, open at one end for racaiving tbe canister C. Zz 



lies sranerally perpendicularly to tna bora 29 in the tube 

agnoent 27; but it may lie at a variety of other angles to the 
bora 29. 

A continuous rldga 4 6 (See FIG. 3) formed at the 
bottom of the canistar se^m^nt 2a proxiaate the orotub«rano« 39 
contacts and cooparatas with the tuba seg-ent 2 7 to de^i.ne th- 
passagevay 36. (The continuous ridga 46 nay be a :ocrtion 0/ the 
tube segment 27 rather than ths canister segment 2 8.) '^his 
ridge .46 prevent* the air flowing through the oconi.ng 35* rrom 
escaping frora the casing 21. a flange portion 47 disposed 
around the periphery of the canister segment 28 at the botto:n of 
t.>.e seg^snr provides a further seal for the gas flowing through 
the opening 35. 

Securing means such as sonic welding or adhesiva 
secures the tube segment 27 and the canister segment 23 aiora 
the l^Lnes or contact providad by the ridge 4 6 and the fiance '47 
Alternatively, an annular snap fit design ncldcd into 
protuberance 38 relaasably secures the tube segment 27 to the 
canister segment 28. m this alternative, the two segaerts 27 
and 28 are not fixedly secured to each other. Thus, a use- may 
raniove and disposa tha tube eegiaont 27 aft«r one or aore uses 
and replace it with a new one. Also, a rubber gasket 48 
disposed between the tube segment 27 and the canister segment 2S 
provides a further seal around the opening 35. (The gasket 47 
includes openings 49 and SO through which the ridge 4 6 and the 
protuberance 38, respectively, extend.) m the construction 
with tube and canister segments secured together, the pocket 
between the two segments may or may not include a gasket 48. 

A polyeafcer laminate 2a« Coras e graphic overlay with 
built-in membrane switches. (See FIG. 4) The graphic overlay 
provides a clear plastic cover over the Liouid Crvstal Display 
(LCD) to protect it, while holding t.he components in place with 
adh«iv«. Th« o^arlay „ay also contain electrically conductive 
paths for transmitting data externally a.nd/or supplying newer 
from the battery source P. 

As shown in FIG. 5, the controls 23 amplify an analog 
signal fron, the pressure trariaducer at 5L. An analoc to dic^ta^ 
converter 52 receives the amplified analog signal a.nd conve^.s 

-7- 



it. Th« CPU 24 rdCQi.ve0 the output of tiia converter and 

jnverts it into a series of flow and ti:ne points for «ach 
pulmonary test. The NV RAM 24a temporarily stores the data and 
establishes an optimum scaling factor to prcvide the best 
resolution of tha£2a data points. It then applies an algorithm, 

the cubic algorithn of least s<iuarQs, to the dat^i to 
determine the instantaneous flow about a pcint in tisje. Than, 
it transmits the data to the spirometer display 25. (The data 
may also transferred electronically to a personal ccir.DUter or 
nodem through physical contact using a serial interface , or 
transferred acoustically to a phone through an audio transducer 
using pulse code modulation.) At a predeterniinQd inspiratcrv 
flow^ th© CPU 24 provides a signal to an audio transducer 53 
which provides an audio signal. This audio signal sarvets ac an 
indication for a subject to activate the nedication. When the 
inspiratory flow drops to a predetannined level, the CPU 24 .^ay 
provide another signal to the audio transducer 53 as an 
indication for the subject to begin holding his or her breath. 
The CPU 2 4 may then produce another audio signal after a 
predeterittined tine period to indicate the end of the procedure. 

FIG. c shows c modification of the casing and 
spirometer of the present invention. In this modification/ the 
bore between the point 3 2 and the opening 31 has the same 
dianieter as that of the opening 3 1^ However, this mcdificaticn 
includes a fibrous paper or s ir.etal screen 54 at the opening 31 
(or at any position within the bore 29) to craats tho back 
pressure needed for the pressure transducer 22, It also 
includes a tube segment 55 that increases the length of the bore 
3 4 and moves the inlet or that Dore to the opposite side of the 
bore 29. 

FIG* 7 shows a further mcdif ica^ion of the casing and 
spirometer apparatus of the present invention. This 
aodif icatiuxi iiiso includes an opening 31 that has the sar^e 
diameter as the diameter of th« bora 29 between the point 32 and 
the opening 31. This modification includes a fan 5 6 rotatably 
laounted on a shaft 57 that lies fixedly secured to the 
protuberance 3S. iTvery tir\e the fan 56 rotates, one of its 
blades interrupts a bcazi of light ahinir.g on a photocell, 
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producing a puls« of eleotricity that s digit si -circu^ t count 

he faster the air flow, the faster the fan spin, .„d the f^t* 
the photocell produces of pulses. This aodification may 
alternatively include an additional photocell or a hall effect 
sensor to dat amino tha direction or the air flow. 

PIGS. 8 through 10 show yet another aodification of 
the casing and spirometer apparatus of the present invention 
in this modification, the tube segment 27 includes a cap 53' -o>- 
the opening 31 and a flap valve 59 for the opening 30. The ca^ 
58 defines openings 60 thr6uqh which inhaled air may ortcr -he' 
bore 29 at a limited rate to maximize ..edication efficacy ^The 
riep vaive 59 nonaally closes the bore or cavity 29 but ooens ' 
undar th. fcx-c^ of a subject's inhalation. Ex.halation vi'll net 
open the vaive in the opposite direction. 

Acting as a spacer, this modification allows a subject 
to close tne discharge opening 30 of the tuhe segment 27 for a 
short period of tixno while discharging the n,adication from the 
canister C allowing the large droplets in tha aerosolized 
medication to settle to the bottoni of the cavity 29. m this 
way, the subject may only inhale the aerosolized medication an^-' 
effectivoly deliver the medication into his or her lungs. 

While the above description and th« drawings disclose 
and illustrate one embodiment and a number of modifications of 
t:hat embodiment, one should understand, of course, that the 
invention is not United to this emhodiment and modifications 
Those skilled in the art to which the mention pertain. ,ay ' 
maJce other modifications and other embodiments emoloyi.ng the 
principles of this invention, particularly upon cinsidering the 
fcrogoing teachinga. Therefore, by the appended claims, the 
applicants intend to cover any modifications and other 
e=a=odiments as incorporate those features which constitute ths 
essential features of this invention. 
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1. An apparatus for dispensing a metered amount of 
aerosolized medication for a human subject, said 
apparatus comprising: a casing defining a cavity, a 
discharge opening through which the subject receives the 
medication, a valve means for the discharge opening, said 
valve m.eans opening under force provided by the subject's 
inhaling, an air opening through which air enters the 
cavity, and a medication opening chrough which the 
aerosolized medication enters the cavity, the casing 
further defining an open pocket for receiving a 
pressurized canister and passageway means including the 
medication opening for allowing medication from the 
canister to discharge directly into the cavity; and means 
for indicating when to activate medication at a 
predetermined inspiraiiory flow during an inspiratory 
procedure; said apparatus being sized to fit into a palm 
of a user' s hand. 

2. The apparatus of claim 1, wherein the casing is a 
generally L-shaped member, the cavity com^prises a first 
bore that extends from the first to the second opening, 
and the pocket comprises a second bore that extends 
generally perpendicularly of the first bore. 

3. The apparatus of claim 1, wherein the casing includes an 
elongate tube portion thar defines the discharge bore and 
the discharge or air openings, i:he discharge opening 
being disposed at one end of the tube pcrzion and the air 
opening being disposed at an opposite end of the tube 
portion. 

4. The apparatus of claim 3, wherein rhe ~ube poruicn is 
round. 
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The apparatus of da iin. I, whersin tfie first opening is a 
greater cross-section than the cross-sectional opening o 
the second opening. 

The apparatus of claim 1, wherein the medication opening 
includes a passageway that communicates with the pocket 
and receives the nozzle of the canister. 
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